Introduction
Oxygen tolerance of anaerobes is usually related to the level of becterial SOD).
The black-pigmented Bacteroides, including Bacteroides gingivalis associated with periodontitis, have SOD activity2 '8 ). Anaerobic Gram negative rods are predominant in subgingival flora in gingival crevices with periodontal disease. B. gingivalis is especially predominant4). Bacteria in gingival crevices are able to opsonize5) and phagocytize6,7). Polymorphonuclear leukocytes (PMN) in gingival crevices act against gingivitis and periodontitis. Bacterial SOD is considered to be a factor that allows pathogenic anaerobes to survive in oxgyenated tissue until suitable reduced conditions are established for their growth1). When opsonized bacteria are present with PMNs, O2-dependent cytochrome c reduction by PMNs increases under optimal assay conditions8). However, the interactions between O2-generation by PMNs and bacterial SOD are still not clear9). To study whether the 02-release from PMNs is eliminated by bacterial SOD, O2-generation by rat peritoneal PMNs was measured in the presence of zymosan and whole-cell bacteria or the bacterial components of B. gingivalis and E. coli as SOD-positive bacteria. The effect of bacterial preparations on O 2-generation in the xanthine oxidase system was also studied. un-heated preparations ( Table 2 ). The buffer control in Table 2 indicates the control in which a buffered solution was used instead of un-heated or heated solutions of bacterial samples in the xanthine oxidase system. The addition of either un-heated SF of B. gingivalis 381, B. gingivalis ATCC 33277, or E. coli ATCC 11775 to the reaction mixture of the xanthine oxidase system lowered the production of O 2-in the reaction system. This reduction in O2-generation was expressed as the percent reduction of 02-generation in xanthine oxidase system compared to the control. The suppress of O2-generation in the un-heated Ppt of both strains of B. gingivalis was similar to or higher than that in the SF of the same strain of B. gingivalis.
The un-heated Ppt of E.oli did not suppress O2-generation. But the un-heated whole-cell bacteria of both strains of B. gingivalis in the xanthine oxidase system suppressed the O2-generation by PMNs more than 92%. In the studies using whole-cell bacteria, E. coli suppressed Discussion phagocytic cells produce O2-by phagocytosis of particulate material such as zymosan16), and live and killed bacterial cells8). Studies on bacterial SOD have indicated that various species of anaerobic bacteria possess SOD1,2,17,18). Many aerotolerant anaerobic bacteria possess high SOD activity1). B. gingivalis exhibits high SOD activity18). When bacterial cells of B. gingivalis retaining this SOD activity were added to rat PMNs alone, O2-generation was much weaker than that occurring with the addition of zymosan. (Table 1 ). The reason for this decrease of O2-generation by unheated bacterial cells of B.
gingivalis and E. coil may be due in part to SOD activity, because in the presence of heated bacterial cells PMNs generated O2-but at the same concentration of unheated bacterial cells, PMN generated hardly Therefore, we studied the effect of addition of whole-cell bacteria and other bacterial samples to the reaction mixtures in the PMN experimental system containing zymosan which stimulated O2-generation by PMNs. Addition of unheated bacterial cells at the concentrations decreased the PMN O2-generation by zymosan (Fig.1) .
In the xanthine oxidase system, whole-cell bacteria of B. gingivalis exhibited higher SOD activity than SF. On the other hand, whole-cell bacteria of E. coli had little or no SOD activity. The Ppt of E. coli also had hardly any SOD activity. However, the Ppt of B. gingivalis possessed high SOD activity. This Ppt has been shown to contain an outer membrane10). Consequently, SOD may exist in the outermembrane of B. gingivalis as in the other cell envelope of Nocardia asteroides22). This SOD enzyme association with the outer membrane and its secretion may offer significant protection against superoxide radical toxicity.
The addition of extracellular superoxide dismutase has also been shown to protect some bacteria against PMNs23,25). Accordingly, whether whole-cell bacteria of B. gingivalis decreased PMN O2-generation by zymosan in PMN reaction mixture was examined using heated and unheated whole-cell bacteria. The unheated bacterial cells of B. gingivalis decreased the O2-generation by PMNs to 72% to 94% of that in the presence of zymosan alone. Heating lowered the activity of the bacterial cells to suppress O2-generation to about one half or one third of that by unheated bacterial cells. This means that the ability oi unheated bacterial cells of B. gingivalis to suppress the O2-generation by PMNs in this PMN experimental system is weaker than that in the xanthine oxidase system. However, these data suggest that bacterial SOD activity is responsible for approximately one-half or two-thirds of the reduction of O2-generation in the cell system using PMNs as measured using the cytochrome c reduction assay. This investigation showed that under the present conditions the ability of the anaerobic B. gingivalis to reduce O2-generation was stronger than that of aerobic E. coli in both the PMN cell experimental system (p<0.05) and xanthine oxidase system (p<0.05).
A variety of species of obligate anaerobes such as Bacteroides sp. have been shown to interfere with the killing of other aerobic bacteria in vitro23). This effect arises when the phagocytes can engulf the organisms but intracellular killing is markedly impaired24). This interference in the killing of aerobic bacteria by obligate anaerobes may be influenced by the SOD of anaerobes such as B. gingivalis in this study. SOD has been reported to inhibit the phagocytic killing of facultative anaerobes by PMNs and phagocytosis-associated nitroblue tetrazolium reduction25). B. gingivalis is especially predominant in gingival crevices with moderate periodontitis4). Also, significantly more gingival crevice PMN cells were recovered from diseased sites of periodontal tissue with gingivitis and periodontitis than from non-diseases sites26).
PMN cells from gingival crevices have a phagocytic capacity26,27) and phagocytic killing activity6), and are important for the integrity of gingival tissue28,29). These interactions of leukocytes and bacteria in gingival crevices and gingival tissue with periodontal disease may be related to the first line of the host defense7). However, anaerobic Gram negative rods like B. gingivalis can predominate in the gingival crevice with periodontal disease even in the presence of active PMNs. The bacterial SOD activity studied in this investigation may contribute to the growth of anaerobic Gram negative rods in the gingival crevice. Since B. gingivalis is an anaerobe, its ability to survive in the SOD-rich environment of inflamed tissues may be related to its SOD.
